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The deubiquitinating enzyme CYLD is a tumor suppressor protein known for its role in repression of
generally pro-oncogenic NF-kB activation pathways. Two new studies published in this and the Sep-
tember issue ofDevelopmental Cell show that CYLD dismantles distinct types of polyubiquitin chains
formed on select signaling proteins and is thereby required for normal vertebrate and invertebrate
development.Covalent conjugationof proteins by the
76-amino-acid ubiquitin protein plays
fundamental roles in vertebrate and
invertebrate cell signaling, contributing
to development and pathological pro-
cesses. Ubiquitin is linked to a protein
by an isopeptide bondbetween the ep-
silon amino group of a lysine residue of
the target protein and the C-terminal
glycine residue of ubiquitin. Ubiquitin
itself contains seven lysine residues
that can be conjugated to another
ubiquitin molecule, thereby forming
a polyubiquitin chain. A large body of
studies demonstrates that conjugation
of a protein by a polyubiquitin chain
formed through one of the internal
lysine residues, lysine 48 (K48), typi-
cally targets proteins for degradation
by the ubiquitin-proteasome pathway.
However, more recent studies under-
score the importance of K63-linked
polyubiquitination in influencing pro-
tein-protein interactions and specify-
ing cell signaling. Furthermore, recent
evidence indicates that deubiquitinat-
ing enzymes, or DUBs, also exist to
dismantle specific types of polyubiqui-
tin chains to counter the effects of
ubiquitination (Nijman et al., 2005).
Studies by Wright et al. (2007) in this
issue and Xue et al. (2007) in the Sep-
tember issue of Developmental Cell
further highlight the broad roles of
DUBs, such as the cylindromatosis
gene (CYLD), that can disassemble
bothK48- andK63-linked chains under
different signaling contexts (Figure 1),
which leads to distinct developmental
consequences.
CYLD was first identified as the
tumor suppressor gene for familial cy-
lindromatosis, a rare autosomal domi-nant disease that predisposes affected
individuals to neoplasms originating
from skin appendages (Bignell et al.,
2000). CYLD was later shown to pre-
vent signal-induced activation of NF-
kB by promoting deubiquitination of
NF-kB essential modulator (NEMO),
the regulatory subunit of the inhibitor
of IkB kinase (IKK) complex that is cen-
tral to the activation of NF-kB path-
ways.CYLDalso inhibitsNF-kBactiva-
tion through deubiquitination of tumor
necrosis factor (TNF) receptor-associ-
ated factor 2 (TRAF2), a critical compo-
nent in the TNF signaling pathway (Nij-
man et al., 2005). These initial studies
suggested that a plausible mechanism
of CYLD-mediated tumor suppression
was through attenuation of generally
pro-oncogenic NF-kB activity.
The normal biological or develop-
mental roles of CYLD, however, re-
mained unclear, and only recently have
studies begun to expose the large
extent of CYLD involvement in diverse
normal developmental processes. In
this issue of Develomental Cell, Wright
et al. demonstrate that Cyld/ male
mice are sterile. Histologic analysis
indicates that the organization of the
seminiferous tubules is severely im-
paired, and there is a dramatic reduc-
tion in the number of postmeiotic germ
cells. Interestingly, older male Cyld/
mice have a decreased proportion of
1N spermatids and increased numbers
of 2N and 4N cells, a finding also re-
ported in mice nulligenic for the proa-
poptotic protein Bax or double knock-
out for Bim and Bik. TUNEL analysis
confirmed that Cyld/ mice display
decreased levels of apoptosis during
the early stage of spermatogenesis,Developmental Cell 13,which previous studies reported to
cause sterility through increased apo-
ptosis in later stages of development.
Moreover, the authors found that basal
NF-kB activity is increased in sper-
matogonia of Cyld/ mice compared
with wild-type mice, and this is associ-
ated with increased polyubiquitination
of receptor-interacting protein 1 (RIP1),
a signaling protein whose K63-linked
polyubiquitination mediates TNF re-
ceptor-induced IKK activation.
Similarly, Xue et al. found that Dro-
sophila CYLD (dCYLD) regulates apo-
ptosis in Drosophila development.
However, in this case, dCYLD regulates
the c-JunN-terminal kinase (JNK) path-
way rather than NF-kB activation. A
number of previous studies have char-
acterized the role of Eiger (the TNFa
homolog) in the induction of apoptosis
via JNK signaling in Drosophila devel-
opment. Xue et al. generated dCYLD-
deficient Drosophila, first to identify
the signaling pathway, and second to
define where in the pathway dCYLD
contributes. Using this approach, the
authors determined that dCYLD posi-
tively regulatesJNK-inducedcell death;
dCYLD/ flies are unable to resist oxi-
dative stress, resulting in a shorter life-
span. Furthermore, by comparing eye
and thorax phenotypes between single
and compound mutants of the JNK
pathway, the authors show that dCYLD
positively regulates Eiger-induced cell
death upstream of dTRAF2. Further
analysis indicates thatdCYLDdeubiqui-
tinates dTRAF2, which may be conju-
gated via K48-linked polyubiquitination
and therefore targeted for degradation
in the absence of dCYLD. In the au-
thors’ model, dCYLD deubiquitinatesNovember 2007 ª2007 Elsevier Inc. 601
Developmental Cell
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Outcomes
Different CYLD substrates are depicted with their K48-/K63-linked polyubiquitinated or deubiquitinated states. Aberrant increases in specific ubiq-
uitinated substrates due to loss of CYLD activity lead to developmental defects or tumorigenesis.dTRAF2, permitting TNFa-induced ap-
optosis through the JNK pathway in
Drosophila.
Are the roles of CYLD in develop-
ment limited to these two paradigms?
A previous study also implicated the
role of CYLD in T cell development;
however, in this case, the T cell-spe-
cific protein Lck is the deubiquitinase
target (Reiley et al., 2006). Deubiquiti-
nation of potentially both K48- and
K63-linked polyubiquitin chains of Lck
was required for its association with
Zap70 following T cell receptor en-
gagement; Cyld/ thymocytes were
therefore unable to sustain the neces-
sary signaling responses to progress
to the single-positive thymocyte stage.
These Cyld/ mice were also shown
to display hyperproliferative and hy-
peractive B cells resulting from in-
creased NF-kB activation (Jin et al.,
2007). Further, a recent study also indi-
cates that mice expressing a naturally
occurring splice variant of CYLD that
is unable to associate with NEMO or
TRAF2 display splenomegaly, lympho-
megaly, and increased numbers of B
cells (Hovelmeyer et al., 2007). Never-602 Developmental Cell 13, November 20theless, deregulation in T and B cell
development was not found in other
Cyld/ mouse models (Hovelmeyer
et al., 2007; Zhang et al., 2006). Finally,
CYLD inhibits NF-kB activation in
keratinocytes in response to tumor-
promoting agents through deubiquiti-
nation of K63-linked polyubiquitin
chains on Bcl3, a member of the IkB
family of proteins (Massoumi et al.,
2006). Clearly, these studies further
demonstrate the multifaceted func-
tions and substrates of CYLD in nor-
mal developmental processes.
The above studies also raise several
questions; chief among them is, ‘‘How
many different in vivo substrates are
there forCYLD?’’Also, howdoesCYLD
specifically identify its targets among
many ubiquitinated proteins in cells,
and what determines whether CYLD
removes K63-linked, K48-linked, or
both typesof ubiquitin chains? IsCYLD
activity regulated by some posttrans-
lational modifications? CYLD is phos-
phorylated, and this modification can
temper its activity toward TRAF2 (Rei-
ley et al., 2005). It is possible that dis-
tinct posttranslational modifications07 ª2007 Elsevier Inc.of CYLD might be involved in iden-
tifying substrates and/or specifying
deubiquitination of K63- versus K48-
linked polyubiquitin chains by CYLD
in different developmental pathways.
The answers to these questions will
surely provide insight into the func-
tion of CYLD as a versatile modulator
of many signaling proteins, and they
may also provide a deeper under-
standing of DUB functions as a
whole.
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Despite being a process that virtually
every eukaryotic organism undergoes,
thecellular basis of aginghas remained
elusive. Because adult stem cells are
responsible for maintaining tissue ho-
meostasis throughout an organism’s
lifetime, an attractive theory is that
aging-related phenotypes might be,
at least in part, due to a decline in the
number or function of tissue stemcells.
A dramatic example in support of this
theory is the recent demonstration
that hair graying in mice is caused by
a reduction in the number of melano-
cyte stem cells in the hair follicle (Nish-
imura et al., 2005). Similar declines in
stem cell number and function have
been observed in a variety of tissues
and organisms (reviewed in Van Zant
and Liang, 2003). An obvious next
question is what causes this decline.
Is it intrinsic to the stem cells or de-
pendent on extrinsic factors? In either
case, what specific molecular path-
waysmight be involved in this decline?
A number of recent studies have
demonstrated the importance of cell-
extrinsic factors on aging of adult
stem cells. For example, it has recently
been shown that aged mouse sper-
matogonial stem cells can be serially
transplanted into young recipient hosts
for over 3 years without any decline in
function, suggesting that the stemcellsReiley, W.W., Zhang, M., Jin, W., Losiewicz,
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themselves may not change apprecia-
bly given a continuously young envi-
ronment (Ryu et al., 2006). Similarly,
satellite stem cells in muscle tissue
from aged mice can continue to func-
tion without any decline in function
when provided with systemic factors
from a young mouse through parabi-
otic matings in which the mice have
a shared circulatory system (Conboy
et al., 2005). These satellite stem cell
studies have further shown that in
these cells, aging of the systemic envi-
ronment results in altered Notch and
Wnt signaling within stem cells, and
age-related changes in stem cell func-
tion can be reproduced by altering
these pathways directly (Brack et al.,
2007).While these studies havemoved
us closer to understanding how an ag-
ing environment can affect stem cells,
further investigations into the effects
that aging has on the extrinsic environ-
ment has been limited in these systems
by a lack of detailed understanding
of the cells that contribute to form
the stem cell niche, and the signals
that these cells use to maintain stem
cells.
In contrast to these systems, the
stem cell niche forDrosophila germline
stem cells (GSCs) has been well
defined at the cellular and molecular
levels. In both males and females,
Developmental Cell 13,Xue, L., Igaki, T., Kuranaga, E., Kanda, H.,
Miura, M., and Xu, T. (2007). Dev. Cell 13,
446–454.
Zhang, J., Stirling, B., Temmerman, S.T., Ma,
C.A., Fuss, I.J., Derry, J.M., and Jain, A.
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in organismal aging. Two recent
m the stem cell niche in the aging
GSCs can be easily identified in vivo
and are found tightly associated
through adherens junctions to adja-
cent somatic niche cells that produce
signals which act locally to maintain
stem cell fate (reviewed in Fuller and
Spradling, 2007). In the testis, the
ligand unpaired is produced by these
somatic cells to activate JAK/STAT
signaling in the adjacent male GSCs,
while in the ovary, somatic niche cells
produce the ligands dpp and gbb,
which activate the TGF-b pathway in
adjacent female GSCs. Upon dividing,
cells that move out of contact with
these somatic cells and their signals
go on to differentiate, while those
within the niche retain stem cell fate.
Previous work has demonstrated that
in both the ovary and testis, GSCs
are lost from the stem cell niche as flies
age, although there appears to be
a mechanism to replace stem cells to
mitigate this loss over the lifespan of
the organism (Wallenfang et al., 2006;
Xie and Spradling, 2000). Additionally,
studies in the male have shown that
GSC division rate also decreases
with age (Wallenfang et al., 2006).
Two studies appearing in Cell Stem
Cell have begun to identify how
changes in the niche contribute to
these changes in GSCs during aging
(Boyle et al., 2007; Pan et al., 2007).
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